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(57) ABSTRACT

A vehicle includes a movable panel having an electronic
device; a power source; a data source; and a connector
configured to selectively couple the movable panel to the
vehicle. The connector is configured to be electrically
coupled to the power source and the data source, and is
further configured to inductively couple the electronic
device of the movable panel to the power source and the data
source.
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INDUCTION POWERED PANELS

CROSS REFERENCE TO RELATED
APPLICATIONS

This application is a continuation-in-part application of
U.S. application Ser. No. 13/686,764 filed Nov. 27, 2012,
which is hereby incorporated by reference in its entirety.

FIELD OF THE INVENTION

The subject invention relates to vehicles, and more par-
ticularly relates to systems for inductively powering panels
in vehicles.

BACKGROUND

Vehicles are increasingly becoming more complicated as
more and more technology is included into vehicles. Each
electronic device in the vehicle has to be coupled to a power
source. The electronic devices are often coupled to a power
source by a direct mechanical connection, such as a wire.
However, when the electronic devices are in a panel which
is moveable, such as a door or trunk, or removable, such as
a removable roof top, the direct wired connections can
complicate the installation process.

SUMMARY OF THE INVENTION

In one exemplary embodiment of the invention a vehicle
includes: a movable panel having an electronic device; a
power source; a data source; and a connector configured to
selectively couple the movable panel to the vehicle. The
connector is configured to be electrically coupled to the
power source and the data source, and is further configured
to inductively couple the electronic device of the movable
panel to the power source and the data source.

In another exemplary embodiment of the invention, a
connector is adapted to selectively couple a moveable panel
having an electronic device to a vehicle having a power
source and a data source. The connector includes a first
connecting element adapted to be coupled to the vehicle, the
first connecting element having a first coil adapted to
inductively couple the electronic device to the power source
and the data source, and a first modulator-demodulator
disposed in signal communication with the first coil and
adapted to receive power from the power source and data
from the data source. The connector further includes a
second connecting element adapted to be coupled to the
moveable panel, the second connecting element having a
second coil adapted to inductively couple the electronic
device to the power source and the data source, and a second
modulator-demodulator disposed in signal communication
with the second coil and adapted to provide power and data
to the electronic device.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features, advantages and details appear, by way of
example only, in the following detailed description of
embodiments, the detailed description referring to the draw-
ings in which:

FIG. 1 is a block diagram of a vehicle, in accordance with
an embodiment;

FIG. 2 is a perspective view of an exemplary connector in
accordance with an embodiment;
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FIG. 3 is a perspective view of another exemplary con-
nector in accordance with an embodiment;

FIG. 4 illustrates an exemplary vehicle in accordance with
an embodiment;

FIG. 5 is a perspective view of exemplary removable roof
panel in accordance with an embodiment;

FIG. 6 is a cutaway view of the exemplary connector
illustrated in FIGS. 4 and 5;

FIG. 7 is a schematic circuit of another connector in
accordance with an embodiment of the invention; and

FIG. 8 depicts an example vehicle for use in accordance
with an embodiment of the invention.

DESCRIPTION OF THE EMBODIMENTS

The following description is merely exemplary in nature
and is not intended to limit the present disclosure, its
application or uses. It should be understood that throughout
the drawings, corresponding reference numerals indicate
like or corresponding parts and features.

Modern vehicles have a variety of movable and remov-
able parts such as doors, tailgates, trunks, hoods and roofs.
Many of the movable and removable parts house electronic
devices, such as lights, back-up cameras, proximity sensors
or displays, or electronic systems such as switches or motors
for windows or locks. As discussed in further detail below,
a system for inductively powering and communicating with
the electronic devices and systems is introduced. The induc-
tive power/communication system simplifies the assembly
and maintenance of the vehicle and simplifies a process for
removing and reattaching removable panels, such as a
removable roof panel or tailgate, which have an electronic
device.

FIG. 1 is a block diagram of a vehicle 100, in accordance
with an embodiment. The vehicle 100 may be any type of
vehicle, including, but not limited to, automobiles, aircraft,
spacecraft, marine vehicles, or the like. The vehicle 100
includes at least one moveable panel 110. The moveable
panel 110 may be, for example, a door, a trunk, a hood, a
tailgate, a lift gate, a convertible top, a headrest or the like.
In one embodiment, for example, the moveable panel 110
may be removable from the vehicle 100 entirely. For
example, the moveable panel 110 may be a removable
tailgate, a roof panel, or a removable headrest.

The moveable panel 110 includes at least one electronic
device 120. The electronic device 120 may be any device
which requires electricity. In one embodiment, for example,
if the moveable panel 110 is a removable roof panel or a
convertible top, the electronic device 120 may be a dome
light. In other embodiments, for example, if the moveable
panel 110 is a door, the electronic device 120 may be a motor
and control system for controlling the movement of a
window in the door or an electronic door locking system.
The electronic device 120 could also be a brake light, an
electro-polymer sunshade, an electrochromic device, a sus-
pended particle device or liquid crystal display (LCD). In yet
other embodiments, for example, the electronic device 120
may be a defrosting system. In yet another embodiment, for
example, the electronic device 120 may be a back-up camera
or a proximity sensor, or a combination of a back-up camera
and a plurality of proximity sensors, which is discussed in
more detail below in connection with FIG. 7.

The moveable panel 110 is coupled to the vehicle 100 by
at least one connector 130. Each connector 130 has two
connecting elements, one connected to the vehicle 100 and
one connected to the moveable panel 110. The connectors
130 are used to couple the movable panel 110 to the vehicle
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100 and to provide power, and in some embodiments data
communication (discussed further below), for the electronic
device 120. Each connector 130 is coupled to a power source
140 on the vehicle 100. The power source 140, for example,
could be a battery-powered inverter, or the power could be
supplied by a motor on the vehicle 100, or a combination
thereof. One of the connectors 130 is coupled to a first side
of the power source 140 and the other connector is coupled
to a second side of the power source 140. Accordingly, when
the moveable panel 110 is coupled to the vehicle 100, a
complete circuit is formed, allowing the transfer of current,
as discussed in further detail below. Many different styles of
connectors 130 could be used. In one embodiment, for
example, a hinge may be used as the connector. The hinge,
for example, may connect a door, a tailgate, or a trunk
(individually herein also referred to as a movable or remov-
able panel 110) to the vehicle 100.

FIG. 2 is a perspective view of an exemplary connector
130 in accordance with an embodiment. The connector 130
includes a connecting element 200 coupled to the vehicle
100 and a connecting element 210 coupled to the moveable
panel 110. In one embodiment, for example, the connecting
elements 200 and 210 may be coupled to the vehicle 100 and
the movable panel 110 via one or more mounting elements
220. The mounting elements 220, for example, may be
coupled to the vehicle 100 or moveable panel 110 via screws
via one or more holes in a face of the mounting elements
220. In other embodiments, for example, the connecting
elements 200, 210 may be welded, press fit, or connected to
the respective vehicle 100 or moveable panel 110 in any
other fashion.

The connecting element 200 includes a receptacle 230.
While the receptacle 230 illustrated in FIG. 2 is substantially
rectangular, one of ordinary skill in the art would recognize
that the receptacle 230 could be shaped in a variety of ways,
including, but not limited to, circular, oval, square or any
other polygon. The receptacle 230 extends away from the
mounting element 220 of the connecting element 200. A coil
240 is wound around the receptacle 230. The coil 240 may
be formed by a wire made of any conductive material. The
coil 240 is connected to a power source, such as the power
source 140 illustrated in FIG. 1, as discussed in further detail
below.

The connecting element 210 includes an interface 250.
The interface 250 is configured to couple with the receptacle
230. Accordingly, the shape of the interface 250 corresponds
to a shape of the receptacle 230. In one embodiment, for
example, an end 255 of the interface 250 may be tapered to
ease the coupling between the connecting elements 200 and
210. In other embodiments, for example, the end 255 may
include a hook, or other mechanism for securing the con-
necting element 210 to the connecting element 200. The
interface 250 may be made from any ferrous material,
including, but not limited to, iron, steel or any other alloy
which includes iron.

The connecting element 210 also has a coil 260 wrapped
around a portion of the interface 250. The coil 260 is coupled
to one or more electronic devices 120. When power is
applied to the coil 240 from a power source 140, the coil 240
and coil 260 inductively couple via the ferrous interface 250.
In other words, a current flowing through the coil 240
induces a current in the coil 260, which can be used to power
the electronic devices 120. Because the power for the
electronic devices 120 is passed to the movable panel 110
inductively rather than via wires, the assembly of the panel
110 to the vehicle 100 is greatly simplified. Further, because
the power for electronic devices 120 is passed inductively,
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the moveable panels 110 can be removed from the vehicle
100 and later reinstalled on the vehicle 100 without having
to worry about a wire harness. Furthermore, unlike certain
mechanical connections which need to be precise and which
are subject to corrosion, the position of the coils 240 and 260
with respect to one another does not have to be precise to
function.

While FIG. 2 illustrates a vehicle 100 having a connecting
element 200 with a receptacle 230 and a moveable panel 110
having a connecting element 210 with an interface 250, one
of ordinary skill in the art would recognize that the con-
figuration can be reversed.

FIG. 3 is a perspective view of another exemplary con-
nector 130 in accordance with an embodiment. As seen in
FIG. 3, the vehicle 100 includes a connecting element 310
having an interface 315 with a coil 320. The coil 320 is
coupled to a power source in the vehicle. The moveable
panel 110 includes a receptacle 330 having a coil 340
coupled to one or more electronic devices 120.

FIG. 4 illustrates an exemplary vehicle 400 in accordance
with an embodiment (synonymous with vehicle 100
depicted in FIG. 1, for example). The vehicle 400 includes
a removable roof panel 410. The removable roof panel 410
can be removed from the vehicle to convert the vehicle into
a convertible. The vehicle 400 includes at least one locking
mechanism 420 and at least one connector 430 which couple
the removable roof panel 410 to the vehicle 400. The vehicle
400 further includes at least one electronic device 440.

FIG. 5 is a perspective view of exemplary removable roof
panel 410 in accordance with an embodiment. As discussed
above, the removable roof panel 410 includes at least one
locking mechanism 420 and at least one connector 430
which couples the removable roof panel 410 to the vehicle
400. In this exemplary embodiment, the locking mechanism
420 is a rotatable latch than can manually be rotated around
an axis to hold the removable roof panel 410 in place on the
vehicle 400 or to unlock the removable roof panel 410 from
the vehicle 400.

The connector 430 functions as both a guide pin and for
inductively transferring power. When the removable roof
panel 410 is connected to the vehicle 400, the connector 430
ensures that the removable roof panel 410 is aligned prop-
erly, ensuring that the removable roof panel 410 is properly
seated on the roof of the vehicle 400 and that the locking
mechanism 420 is aligned with corresponding area or areas
on the vehicle 400.

FIG. 6 is a cutaway view of an exemplary connector 500,
synonymous with connector 430 illustrated in FIGS. 4 and
5. The connector 500 includes a connecting element 600
coupled to the vehicle 400 and a connecting element 610
coupled to the removable roof panel 410. As seen in FIG. 6,
in this embodiment the connecting element 600 is substan-
tially bowl shaped, with a tapered entry to help guide the
connecting element 610 into the correct position. In one
embodiment, for example, the connecting element 610 has a
rounded front end. The rounded front end, as illustrated in
FIG. 6, helps the connecting element 610 slide into the
correct position within the connecting element 600. In one
embodiment, for example, the connecting element 610 may
include a ferrous material. Furthermore, a coil (not illus-
trated, but described in detail above) may be wrapped
around each of the respective connecting elements 600 and
610. In one embodiment, for example, the coil wrapped
around the connecting element 610 may be covered in a
protective coating to prevent the coil from becoming dam-
aged when the connecting elements are coupled. Accord-
ingly, when the connecting elements 600 and 610 are
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coupled together, the coils can inductively couple providing
power to an electronic device.

FIG. 7 depicts a schematic circuit 690 of another embodi-
ment of the invention that includes both inductively coupled
power and inductively coupled data communication
between a vehicle 700 and a movable or removable panel
710 via a connector 730. Similar to the connector 130
depicted in FIGS. 1 and 2, connector 730 is configured to
inductively provide power to an electronic device 720.
However, in addition to power, connector 730 is further
configured to inductively provide data communication to the
electronic device 720. In an embodiment, the vehicle 700
includes a movable, or removable, panel 710, such as a
tailgate for example, having an electronic device 720, such
as a back-up camera and/or proximity sensors for example,
or any other electronic device or electronic system suitable
for a purpose as herein disclosed. The connector 730 is
configured to selectively couple the movable panel 710 to
the vehicle 700, is configured to be electrically coupled to a
power source 740 and a data source 742, and is further
configured to inductively couple the electronic device 720 of
the movable panel 710 to the power source 740 and the data
source 742. In an embodiment, the movable or removable
panel 710 is pivotally attached to the vehicle 700 via a hinge
800, and the connector 730 is disposed at the hinge 800.

Similar to connector 130, connector 730 has a first con-
necting element 750 coupled to the vehicle 700, a first coil
752 wrapped around the first connecting element 750, a
second connecting element 760 coupled to the moveable
panel 710, and a second coil 762 wrapped around the second
connecting element 760. In an embodiment the second coil
762 is wrapped around a ferrous portion of the second
connecting element 760, similar to that discussed above in
connection with ferrous interface 250 of connecting element
210, for inducing a current flow in the second coil 762. In
addition, for data communications, connector 730 has a first
modulator-demodulator 754 disposed in signal communica-
tion with the first coil 752, and disposed to receive power
from the power source 740 and data from the data source
742 via power line 756 and data line 758, respectively, and
a second modulator-demodulator 764 disposed in signal
communication with the second coil 762, and disposed to
provide power and data to the electronic device 720 via
power line 767 and data line 768, respectively. In an
embodiment, power line 767 and data line 768 may be
combined into a single power/data line 766.

To amplify a data signal sent to the first coil 752, a first
amplifier 755 is disposed in signal communication with the
first modulator-demodulator 754 and the first coil 752, and
to amplify a data signal received by the second coil 762 and
sent to the electronic device 720, a second amplifier 765 is
disposed in signal communication with the second modula-
tor-demodulator 764 and the second coil 762.

With reference now to FIG. 8, an embodiment of the
invention includes a truck as the vehicle 700 having a
tailgate as the removable panel 710, the tailgate 710 having
a back-up camera and a plurality of proximity sensors as the
electronic device 720, where power and data communication
to the camera and sensors, collectively referred to by refer-
ence numeral 720, are inductively provided via a connector
730 disposed at a hinge 800 that pivotally attaches the
tailgate 710 to the truck 700.

While embodiments of the invention have been described
and illustrated herein having an inductive connector 730
disposed at a hinge 800 of a removable panel 710, it will be
appreciated that the scope of the invention is not so limited,
as the connector 730 may be disposed at any location
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suitable for a purpose disclosed herein, such as at a latch or
locking mechanism that holds the movable/removable panel
to the vehicle, or at a location other than a hinge or latch.

While certain embodiments have been described and
depicted having a particular electronic device 120, 440, 720,
for example, it will be appreciated that the scope of the
invention is not so limited and encompasses any type of
electronic device that falls within the scope of the appended
claims, such as but not limited to Lidar, Radar, Ultrasonic,
Laser, Smart sensor, Smart actuator, Night Vision Camera,
or WiFi hotspot, for example.

In view of the foregoing, some embodiments disclosed
herein may have the advantage of providing inductive
power, on the order of 10-150 Watts for example, and
inductive high speed data communication, on the order of
RS232/485 230 kbps and Ethernet 80 Mbps for example, to
an electronic device disposed in a removable panel pivotally
attached to a vehicle, thereby enabling ease of removal and
replacement of the panel without the need to couple and
uncouple electrical wires from a wiring harness.

While the invention has been described with reference to
exemplary embodiments, it will be understood by those
skilled in the art that various changes may be made and
equivalents may be substituted for elements thereof without
departing from the scope of the invention. In addition, many
modifications may be made to adapt a particular situation or
material to the teachings of the invention without departing
from the essential scope thereof. Therefore, it is intended
that the invention not be limited to the particular embodi-
ments disclosed, but that the invention will include all
embodiments falling within the scope of the application.

What is claimed is:

1. A vehicle, comprising:

a removable panel comprising an electronic device;

wherein the removable panel of the vehicle is: a tailgate;
a door; a roof; a trunk lid; a lift gate; a convertible top;
a headrest; or, a hood

a power source;

a data source; and

a connector configured to selectively couple the remov-
able panel to the vehicle, the connector configured to be
electrically coupled to the power source and the data
source, and further configured to inductively couple the
electronic device of the removable panel to the power
source and the data source.

2. The vehicle of claim 1, wherein:

the removable panel is pivotally attached to the vehicle
via a hinge; and

the connector is disposed at the hinge.

3. The vehicle of claim 1, wherein the connector com-

prises:

a first connecting element coupled to the vehicle;

a first coil wrapped around the first connecting element;

a first modulator-demodulator disposed in signal commu-
nication with the first coil, and disposed to receive
power from the power source and data from the data
source;

a second connecting element coupled to the removeable
panel;

a second coil wrapped around the second connecting
element; and

a second modulator-demodulator disposed in signal com-
munication with the second coil, and disposed to pro-
vide power and data to the electronic device.
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4. The vehicle of claim 3, wherein the connector further
comprises:

a first amplifier disposed in signal communication
between the first modulator-demodulator and the first
coil; and

a second amplifier disposed in signal communication
between the second modulator-demodulator and the
second coil.

5. The vehicle of claim 3, wherein one of the first
connecting element and the second connecting element
comprises a ferrous material.

6. The vehicle of claim 3, further comprising an interface
associated with one of the first connecting element and the
second connecting element, the interface comprising a fer-
rous material, wherein a respective one of the first coil and
the second coil is wrapped around the interface.

7. The vehicle of claim 1, wherein:

the electronic device comprises: a camera; a proximity
sensor; a light; or, a switch.

8. A connector adapted to selectively couple a moveable
panel having an electronic device to a vehicle having a
power source and a data source, the connector comprising:

a first connecting element adapted to be coupled to the
vehicle, the first connecting element comprising a first
coil adapted to inductively couple the electronic device
to the power source and the data source, and a first
modulator-demodulator disposed in signal communi-
cation with the first coil and adapted to receive power
from the power source and data from the data source;

a second connecting element adapted to be coupled to the
moveable panel, the second connecting element com-
prising a second coil adapted to inductively couple the
electronic device to the power source and the data
source, and a second modulator-demodulator disposed
in signal communication with the second coil and
adapted to provide power and data to the electronic
device.
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9. The connector of claim 8, further comprising:

a first amplifier disposed in signal communication
between the first modulator-demodulator and the first
coil; and

a second amplifier disposed in signal communication
between the second modulator-demodulator and the
second coil.

10. The connector of claim 8, wherein one of the first
connecting element and the second connecting element
comprises a ferrous material.

11. The connector of claim 8, further comprising an
interface associated with one of the first connecting element
and the second connecting element, the interface comprising
a ferrous material, wherein a respective one of the first coil
and the second coil is wrapped around the interface.

12. A vehicle, comprising:

a movable panel comprising an electronic device;

a power source;

a data source; and

a connector configured to selectively couple the movable
panel to the vehicle, the connector configured to be
electrically coupled to the power source and the data
source, and further configured to inductively couple the
electronic device of the movable panel to the power
source and the data source;

the connector further comprising:

a first connecting element coupled to the vehicle, the first
connecting element comprising a first coil adapted to
inductively couple the electronic device to the power
source and the data source, and a first modulator-
demodulator disposed in signal communication with
the first coil and adapted to receive power from the
power source and data from the data source;

a second connecting element coupled to the moveable
panel, the second connecting element comprising a
second coil adapted to inductively couple the electronic
device to the power source and the data source, and a
second modulator-demodulator disposed in signal com-
munication with the second coil and adapted to provide
power and data to the electronic device.
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